The bacteriological findings of a study of intestinal colonisation in 24 neonates with oesophageal atresia are reported. Only five of the patients received antibiotics. When compared with published findings in healthy neonates, the rate of intestinal colonisation in our series was prolonged, with Staphylococcus albus predominating in the first week. Anaerobic colonisation was delayed and bacteroides spp were present in only five patients by the third week. Bifidobacteria were almost completely absent. The onset of intestinal colonisation seemed to be related temporally to enteral feeding. The use of antibiotics in five patients resulted in colonisation by candida in four and clinical thrush in three.
Comparative studies of the bacterial colonisation of the intestinal tract show notable differences between breast fed and formula fed neonates.' 2 All the studies have been conducted in normal healthy infants. Rotimi and Duerden3 investigated the development of the bacterial flora of the gastrointestinal tract of neonates with congenital abnormalities affecting this structure. The knowledge gained from these investigations may be useful in understanding the role of certain bacteria in the pathogenesis of necrotising enterocolitis and Hirschsprung's enterocolitis. Intestinal colonisation of healthy infants is likely to differ from that of infants with congenital anomalies of the alimentary tract such as atresia or aganglionosis and may be related to differences in enteral feeding regimens and the administration of antibiotics to some infants. A systematic study of bacterial colonisation of the gastrointestinal tract is currently being conducted in this department and the findings in infants born with oesophageal atresia form the basis of this report.
Patients
Twenty four neonates with oesophageal atresia were admitted to the neonatal surgical unit 'Not all patients passed bowel actions each week; t-Aerobic spore-bearing bacilli (Bacillus spp); t-Organisms were not seen on microscopy or grown on culture. Table 3 . Several species were present in some patients. C. perfringens and C. paraputrificum each appeared in one patient in the first week, and by the end of the second week 6 patients had C. perfringens. C. difficile, C. butyricum, and C. innocuum did not appear until the second week. Bacillus spp were isolated transiently from three patients during the study.
Gram film results correlated well with cultural findings. In some cases organisms were isolated in low or moderate numbers when none could be seen on microscopy, but in no case were organisms seen in the Gram film when no growth of the corresponding morphological group was found on culture. No bacteria morphologically resembling bifidobacteria were seen on microscopy.
Results of semiquantitative assessment of bacterial numbers in consecutive specimens from three patients are shown in Table 4 . These patients are representative of the rest. In the case of Staph. albus the numbers on first appearance were almost always low and took a few days to exceed 105/g, whereas other organisms varied in this respect and the aerobic Gram negative rods were usually present in large numbers from the first day on which they appeared. Other than this, the semiquantitative results were unremarkable.
Discussion
Many of the studies carried out on the bacterial flora of the intestinal tract in neonates and infants have sought differences in the flora of breast fed and formula fed infants. The intestinal flora of the breast fed babies has been shown to consist largely of bifidobacteria8 9 10 until weaning, when coliforms, enterococci, and anaerobes rapidly colonise the gut.11 In formula fed babies, while bifidobacteria are still present, the predominating organisms are those usually found in adult faeces. 12 Rotimi and Duerden6 studied healthy neonates in the first week of life in a maternity hospital who were breast fed with formula supplements, and found that only enterococci, streptococci, and staphylococci were present on day 1, with Staph. albus present in 67%. Bifidobacteria, coliforms, bacteroides, and clostridia appeared on the second day in most babies and thereafter a mixed, adult type flora developed. Mata13 found that in normal breast fed neonates in a rural Guatemalan community, organisms could be found in the meconium from age 4 hours.
In our study, the rate of colonisation was much slower with a definite sequence. Staph. albus was group.bmj.com on January 28, 2018 -Published by http://adc.bmj.com/ Downloaded from the first organism to appear in most of the infants, and was the most frequently isolated organism throughout the study. A major difference between our findings and those of others is that, by the end of the first week, half of our infants had only Staph. albus in their stools. Bifidobacteria were almost completely absent in our study, and clostridia and bacteroides were present in fewer patients in the first week than in other studies. Escherichia coli did not appear in any of our infants before day 3 of life, and the peak isolation rate for this organism was in the second week, when it was found in half the infants. Klebsiella was isolated from a gradually increasing number of infants so that this organism appeared in most infants by the end of week 3 of life. In contrast, similar studies carried out over the same period and on the same unit as the 24 cases of oesophageal atresia showed that two infants with ileal atresia and two with functional obstruction all had early onset of intestinal colonisation. The stool specimens obtained on admission from these babies all contained coliforms, clostridia, and Staph. albus and one had bacteroides after 6 days. The patients were all fed at the referring hospital before intestinal obstruction was diagnosed, and they were admitted on days 2 and 3 of life.
Obstetric practices may play a large part in determining the source of intestinal flora in healthy neonates. In most industrialised nations every effort is made to protect the newborn child from the more obvious sources of microorganisms, and many mothers are given enemas to ensure that defecation does not occur during labour. In less well developed communities, the birth is attended by folk midwives and defecation by the mother during delivery commonly occurs.'4 The mother's intestinal tract, and indirectly her genital tract, are considered to be the natural source of the baby's intestinal flora.'5 This is supported by the finding in one study of the same strains of E. coli in mother and baby, and from mucus removed from the baby's mouth after delivery.16 17 In industrialised societies, when babies are kept in hospital, and particularly if separated from their mothers, they may become colonised by organisms from the hospital staff and environment. This has been illustrated in the case of klebsiella by Shinebaum et al. 18 We consider it possible that the babies in our study were colonised from the hospital staff and environment, rather than from their mothers, due mainly to the lack of continuity from mouth to stomach caused by their anomaly, and to their early transfer to an intensive care ward. We feel that this may have dictated the pattern of colonisation in our series. Similar results have been published recently, though all the neonates with oesophageal atresia in that study received antibiotics. Times and routes of feeding in relation to onset of colonisation were not discussed by these authors, who found that organisms appeared in the stools soon after operation. The relatively short time between operation, feeding, and appearance of organisms in the stools in our study makes it impossible to state with certainty whether the gut became colonised as a result of organisms entering during operation or as a result of access to the intestine by means of either a gastrostomy or an oesophageal anastomosis, or as a result of feeding. Six of the patients in our study did not, however, undergo early primary oesophago-oesophageal anastomosis and only a gastrostomy was fashioned. In the five patients in this group whose data are sufficiently comprehensive, there was a delay of two days before feeding began via the gastrostomy, and this was followed one day later by the onset of colonisation. This suggests that feeding is the main factor leading to the onset of colonisation.
The reason why colonisation of the intestine did not develop until enteral feeding began may be simply that a substrate became available which allowed bacterial multiplication. The increased opportunity for inoculation of bacteria into the alimentary tract along with the feed may also be important, however, and curds may protect swallowed organisms from the action of acid in the stomach.
The delay in colonisation of the intestinal tract in neonates with oesophageal atresia means that the vitamin K normally produced by the enteric flora is not available. Though most babies are given one dose of vitamin K at birth, the half life of this substance is variable and some babies may possibly require an additional dose at 2 or 3 weeks of age, particularly if further surgery is planned.
The delay in colonisation may also have a deleterious effect on the immunological development. This may result in a general developmental immunological retardation and defective opsonisation. This may be particularly important in the first few years of life because of the inability to initiate the alternative complement pathway during this period. This may mean that these babies, while not showing the overt features of immunological deficiency, may have an impaired ability to combat infections, at least until the immunological system matures sufficiently to make the alternative complement pathway less important. These immunological aspects are currently being studied.
The results in the five infants who received antibiotics show that the intestinal flora can be completely eradicated exposing the alimentary tract to colonisation by resistant organisms which may give rise to serious infections. Prophylactic anti-biotics would seem to be unnecessary and indeed contraindicated in most neonates with oesophageal atresia, but if required because of suspected aspiration they should be given for as short a period as possible.
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